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^%mi{20. 60) j;Offi*&Sill>it«>:^mmft 

^Rj^^^xmtimmmmm no) ^rn^mm 

mmmmvi^ ( i o ) <^m^mmw±m. mmmM^ 

(2 0, 6 0)1) imtrnmAmu^ ( 3 o ) iD^>^< 

mtmmmm ( 1 0 ) mymi:m$-txMimx 
t LT, mfa»4mM (10) ii-mm^'^i^b^rn 

mki-msmnz§mc^ymmmm>x^A.. 
[ msm 3 ] mmmmm^ ( 2 0 ) 1, v Mmmym 
( 3 0 ) c?)::i'^^-< k i.-Mzmi.mimnmm 

(10) tOTMIiJt, miS}^fl^'^:i^^.7K5i-*5i-|ffi?^ 
•flyH^^mBm^m (25. 35) ^ t 

^mmt f I. it*ii 1 i fzim^yM 2 i,ztm(^mmm 

[IMTR 1 ] mte^maf^ (60) t{4, BffiSMt4« 
^ti! ( 1 0 ) (^rryimkmsmmm no) cDimmk 
mm^mmms^ ( 64 ) timf^n. 
m^mmm^ no) mnMW^±m. ^j'-^j:<thm 
tm^mm (60) tzmii^m^^m^^ti. 
m$mmmi< ( 1 o) fj^mmiitzmimm-^im 
mmmms^ ( o 1 ) iirixmM^.;^m ( c. 0 ) 
m^^nkx\ mimmm^ no) (D^m^mm- 
ixoizmj&^tix^^^^t^mit-tmi^mitfz 

[ If *il 5 ] MtaS^^M ( 6 0 ) i5 ft l>lulB'Jl*^« 

( 1 0 ) cD^ifiMxh-^xmrnmrn^ ( 64 ) 

^f^i50TMiJti±. ^-xffM (6 1) :6«a§iiT 

^ h mmki-m^m4 i^ztmcomfmrni^xi^ 
I mmm e i ifrt a^igi?& ( 6 0 ) 1, s v ^(4 MiBim 

b mwiki-msm4 ttziimm5i>zMmcommm 

[ tmm 7 ] fff E/K^^^^iiSf ]t#S(4 . smmMm 
(60) iziinimm^xsmm ( 6 1 ) i:ifri»4m 

^fi ( 1 0) torsi tisft'^^i, 

mno) (^m'^mmm^zisv^xmimm'm& no) 
*«^t;ffl^^^.^ii> ^ fc ^#Mi:-ri.ii*ii6fciaa 

9 ( 6 8 ) T-fei> ^ fc ^\mk^hmm.^ t.fz\m& 
II 7 fcf af50»4m?i^xxi. „ 



(70) s,§v^tt7j<^pRKM (71) xhh^ k 

t -f-^ff 6 1 /iJiif 7 tiB«<7)}^Mi!!^Xr 

A, 

[If 1 0 ] mtm%m^m-m.z\t . mffifls:?,^ 
filial, i a ^iTfc 0 . mriEMra^-x mm 

mk^k(rm:(m^mzx ^^m^umii^^i^nmKh 
^k^^m k^hmtm. 6 ^ 1 9 ^^t-^ 1 ^tia 

[if^iR 1 1 ] m^mm^ (20. 6 0 ) ^ j;t^-|fr 
t^m&m (30) iOHsait^tt. ( 2 

0.60) is j;t;^-Kria*s^ ( 3 0 ) ^mcfhW^ 

#(22. 23. 32. 33. 62. 63) imVfhK 

firiafifi€?fi (10) (m'mmk^Mk\zii\^h-mm 
»i (10) m'(n7\<.%mktm^\.fz\kxh->x. 
mmm.^ no) <mw^^^^^zii\^x . 
mmm^ (22. 23. 32. 33. 62. 63) 
j; "omtm^m (20. 60) n^vfrnit-mmn 

(30) iOMS§|5*}Iffi-t-S. -I fc ^Mik^lM-m. 1 

[ff^ii 1 2 ] friEm«?fi (10) \z\m^fim\ 
%tmm:^mm:fhmm:.~^ (6 9) ^mi.^ 

i:^!^i:t-|.lf*3ai^V^Ll lc?)l^-ftLj5n'3tlE 

[if^iBi3] '^5iriij|ia!?®2iL. li^iaiMM 
(10) «iiriE€mgij$io^ffffl^-^t;«^^f**& 

t-l. t cOT-fe S .1 i: ^ !^ i: -r S If 1 =fc V ^ L 1 2 c?) 
V^-f ^i*^ 1 otlEttc^mm^ffi^Xxi^, 

[ 0 0 0 1 ] 

[0002] 

[i^*<7)K»] 0. imkmm (^m) 
hx^L^tvt\^hm'hi-'nmmmmm:m:\i. o°c 

[ooo3]^i?)j;3 t£mmm:Yxmm:m%mt 

MK^ORJE^'x (7K3I*^ it^'SM) toitff ■ PJjltoffi 

\z . Km^mrnxmrn t /iTR^coJSMt: i 1. ^^xg 
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[0004] m\mmiMmmt Lxm^^^m^i^zit. 
^fctiD. mmmt:i}mm^ mm) ixmmm 

[0 0 0 5] 

[ 0 0 0 6 ] ts^-oT. mmmmmx-o^m^m^Lx 
mmmm\^h s -iti. , mmmyizm.m-f 

[0007] mmmM,^zm^. mmmy 

xmmfLmm'mMi^:^^Mzi5\^x . 

[0008] 

if*iBi t;isat^^0i!t-i±, ymm^ ( 3 o ) .t o 
im-^ii6A<mkmm^ (20, g 0 ) j; '>f«j&3ii 
mmbimmt^Km^xmtim^mm& ( 1 
0) t:miimmmi^xi-j>.x'h'yx . mmv^. ( 1 
0 ) comnmmw±m. mmm^ (20. e 0 ) 351.^^ 
itTkmm^ (30) cD^>^< b i,-iiizmMxti^m 
$ti^tkh^z. mMy^immmm (i 0 ) fi(r)7\<jf 
i:mLxmwxb^j:D. mmmm ( 1 0 ) ^o^^^sfai 

^iil^b^rmmiiLX^-^^. 
[0009] >rtLt;j; (10) <Dm.W± 

mmmm ( 1 0 ) ^^07i<^)-^^»i^i,;t?!)i-f 
ffi^a^i±iTt^^^^Ti;tsft€^{!! (i 0 ) mmm^ 
^:mm^^^tti^x^h. m-yx. ^■xgS&(2 0. 3 
0 ) i3 (10) \f^xmt D &^a;-r; t 

m < . mm^rizis v ^x m^^Mzmmti 1 

x^ . i&i^mmvt(Dit.tifzmmm&>'X^A^m^~th 

[ 0 0 1 0 ] ^S^-xii. Mflm^t!I (1 0 ) 

m^t^7mmi:t^fzi^iz^ x^^tmi&Miixh 
i.ik i^mtK . iJ'^^< iMWffi (10) ^iog 

^zim(^^m<^x 0 1;. ^M^y^t-i: Lxmm%^m^ 

[ 0 0 1 1 ] IMII3 tlBatO^HjTli. 
If^ ( 2 0 ) fel>Ui±7K3|g|f^ (30) (n'_yti:< b h-lj 

i^zmmmm^ ( 1 0 ) i?)Timt;. ^irMx*^^,* 



^^^Mifj^-rs7j<^^i8ifji^s (25. 3 5 ) ^fi 

iX^-^^Zb^:mmbLXy^^. 

[0 0 12] tfz. mmMAi^zmmcowMxu. mM 

^{60) MMfi (10) OTiItifcMf4«^ffi 

(10) <7)±m\b iimtm^^ (64) :5)^-i^ft 
^ti. mfm& (10) <7)a^ste#±f^. ^i'-^< b t 

smgss (60) tc^s^'x^iffii^^ii, mmmm ( 1 
0 ) ■/^^^omiii^tLfzmfM7^mmm% (64) ^^t 
•rsM^m (60) ^zmm^^^ .ibx\ mmmm ( 1 

0) (^^m^mm-^io^zmj&^tixv^^zbmwi 

bLX\>^h. 

[0013] mmmm ( 1 0 ) aa;tsiKB§(;i^^^T. 
ms ox:c^^&zmn^tLXi5 d . mmw±m^ztiv^x 
mmmm (10 *#:oii^i;&i^§v^/iA6, mmw 
±mi.mh<<^)rm^mbixm^. m-^x. kdx 
oizmmmm ( 1 0 ) i-mm^tifz^'x^mm^^i 
zbx\ mmmm ( 1 0 ) ^-i^^.m^mut&^bi)^x' 

§ . (10) i:^?a<7)8 0°CW^->>MaM^ 

[ 0 0 1 4 ] Sf^, lf*TH5(.ciBtti^)|fcRflT1.±. 
S§ ( 6 0 ) t3(tl>MfM ( ] 0 ) «±iaiT-.fc''TM 

(64) bcomm§^corm§inzii.^ ^'xjim 

(6 1) :{)iiSa§ixTV^-l.;i:&!|tl[t LTV^I.„ 

[0015] Mzx 0 , ^;^j±M (61) mmm 
miz i !> nmx^m^'x^m^^i .r t *^'t-# . mm 
mmHco7K^mi^zMitiimimm\^ ( 1 0 ) 
iL^^. mrnmi^ no) 

1 ) iMMtmiz^mmtfWm^ii^^bxmMm 
iZ7mmmtm<^j:^. ^<Dtz^. ±^Tx-com.n<n 

[ 0 0 1 6 ] if^6 tlBKO^HJTii, 

li& ( 6 0 ) $,l.v^(ifi^S& (64) m-t^:<b h-1f 

iz^ Mm:^'x^^^7mim9m-t^7\imm9m^m 
^^mf^^tixv^i c: b mmb ixv^i , 
[ 0 0 1 7 ] immi ^zmm<^?tmxu. 7m 
mm^mi. mmm ( 6 0 ) izism^^-^smm 

(61) t»f«?{!i (10) bcr)mi>zmif^ii. 

m^m^^mm^fifzTkm. mmmm ( 1 0 ) 
nm^mi'Zi3\^xmmmm ( 1 0 ) wftmstiss^ife 

l>v^{i**tD^^5:< t h—ljCOMUl^zm^'^^jtilZb^: 

mmbixv^^. 

[0018] ^tazx 0 . Mmmm'^^^mLfz7\<-h^ 
(10) mmmwm^:mmt^^imcofz 
^^zA<^^^^fsmm^z^lfzib^zmmx%l. m-o 

[ 0 0 1 9 ] i /i. 7K^^^Wjt#iia. it*il8tciE 
mff^^m^z X d tCTK^Ifji^ y^' (68) bi-l.lbij^ 
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(70) h^yu7mmm (71) t^izkti^x'^ 
[ 0 0 2 0 ] tmmi o^ztmcowMTii. 7m 

ti D , MfMx t mmi^ b <^mTm:^miz x o mm:ff 

y.m^m^ti^ztm'mL'zu^. zmz^'o. 
ifM^ij'^mmmi^z7\<-h^^^m-ti .1 1 mmt^^i, 
[0 0 2 1 ] tfz. tmmi 1 ^ztm<^?hmx'ii. 
m^{2o. 6 0) ^xwmmm 00) <7)mmmi,z 
a. ^nm^ (2 0. 6 0) tiXt/Ti^mu^ ( 3 0 ) ^ 

}IK^Iim#(2 2. 23. 32. 33. 62. 6 
3 ) ^ifStti^ilTJo D , ■mmjfi (10) iOa^ilteff 

±m^zmmmw& ( i o ) r^igi07Kmi;i^**TL 
/-^f^T-^b-^T. Jiwfi (10) ffyMmw±^izi5\^ 

■C. (22. 23. 32. 33. 62. 63) 

X D^m^ (20. 60) h^^^li^mm^ (30) 

[0022] >i3fxt J: D . mmm& no) ^guo^K^ 
^**?Tf^, mmmm no) coMmw±^i>zt3\-^x . 
mmmt-^mmm no) m^co7ii.mMxm 

[ 0 0 2 3 ] t . mmm 1 2 izmmcowMX'ii. m\ 
mm (10) izmztimm^^immt^ummh 
(69) 1 mmk t-cv^s, Mzx 
. ««i^g^a (10) {z^mmr^x-^ . mmm ( i 
0) \^(D7ii.^m:^{mx-^h. 

{0 0 2A]ttz. mm 1 3 t;fE©<7)^BHT1i. «M 

giftm{:jf«§3fx. mmmm no) ii«Mg»^<^^ 

T^^i,, Mzx^. mmmm no) nmmmm. 
t^tm.%mm{mmmTX'mLfz%^x'h. m 
mmm no) nw><r>mmm±-ftzhtfix'% . 
Mzmmnm no) timi^^^h^tifix-^^. 
[ 0 0 2 5 ] =sri3. mm-m.<^m,nm^\±. 
-rmimm\,ztm<^mm^WLhmmmm^s-fi, 

[0026] 

[ %mcom^mm \ im mmm ) liir. ^%mcn 

m 1 mmmm^m i -a 3 (^a^-v ^riiSHHt-i. . 1 

. H 1 i±. m 1 'mmm(nmm'mm>-7.T^(^itw 
m^i^^Lx^^h. 

[ 0 0 2 7 ] 0 1 ^Z7f,-ri. 0 tmmmc^Mfmm 

*&^^fet-|>»4mfi (FCX^-y^') lo^mtxv^ 

^oFcx^.y^' 1 oii. mM^^fffltomiij^-^ 
( t# ) 11^2 <>KMm ( H 1 ^T-aHs^^i^ ) m(^M 
%m^^zm-n^^mh h <^x'h h . i^mmmx'\i f 



cx^^ .y ^ 1 0 1 Lxmwm'i}^mmm.>mwm^:m 

^figt^oTUS, FCX^.y^' 1 0T1i. mTt07j<S 

inmrn H2^2H+ + 2e- 

(iESiJ) 2H+ + I/2O2 +2e-^H20 

•mmmi^ ^^Mz\i. Fcx^v^' 1 ot^siss (IE 
ffi) Mt^M (K«) &ffii&-ri>/iftto^Mgff^2 0 
fc. Fc>!>^'y^'io (mmm ( MS ) \mz7mi\m 
-th fz^cnimmi^ 3 0 ifm.n ^Kxv^h. 'mMn 2 
0 \,z\immkmc^'&%r^yr2 1 ^iisft^^ii-cfc 0 . 
F c X >y ^ 1 0 a}m.nMw^^z\±"^%fmx^fih „ 

*SSI?^3 0(:{i7]<*fft|.&FBc7)*St.t:>r3 l^^lSft^. 

, ^m^iOmM-ft^^JEEcOf^i^t: F C 

ommm'smT^'^^^A.fmm.zLxii 

<im-ti^ht. Zcof^ib. ffl^SKBtt^fe^^TFCX:?' 

-7^ 1 0^c{i:M§§fLf^^M^3.4;t.f*S/Jif^t■^f^^3i^S.. 
■liitc J; 0 . F CX:? ^ 1 0 i^i^iijy}rawcfl;®t 

[0 0 2 8] tfz. m^m^w±myHmmmm^z 
« . smgs§ 2 0 j; ti^>]<«gi?& 3 0 izitmM^m^ 

fastis. FCX^^y^ 1 o^tsw 

-r «. m:i-i fzmz. x-% h fznimmxh h ; 

}Lim.t.h<. ^^^<i:iFCX^-y:^'10|*]O?aSJ; 

[0029] 2 0 B i t/VKSM 3 0 {Zim-f 

hmMxM. ^%tim<7^m.h-^h^WVX:hUt^ 
VK i-^xh-tb. FCX:^'y^ I0iz^%b7m^:imt 

immri tth iZ7i<^ib^^^-ti.t:)^7Hm^com 

L X 2 0 j; l^VKSliS^ 3 OcTjMli^zMM^ti 

x\m^mmmM^ti^^. 

[0030] ^^i^20iiXWmm.B3 OCO 

mz^m:^'x t Lxmrnim^im-fh j: o t« l 

Tij:i\ t/i. ^MigM2 0fcj:t/*SigS&3 0W^ 

^iXhlVK.. 

[00 3 1 ] m:m<2 otoMs^iita. sMgs#2 o 
nm^'^v%t-^^Mm^htz^(n>--^y b^^vL-y (m 

#) 2 2. 2 3iMm^tiX\^h. 7j<3|g£#3 0t^MS 
iiti;. |5]«0>'-^'-y h7S-;^7'3 2. 3 3/&i|a(t'^ilT 

[00 32 ] 'mm%2 oaxwmmm o ^zanh 

F C ,X ^ -y ^' 1 0 OTjIffltii. F C X ^ -y ^' 1 0 ^ffl 
■9-2 4. 3 4 5&i^tL^=-tL|^ft ^>tLT \^i>. SMg£# 2 0 
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ii xfymim 3 0 tfc nh^m.- y^?- 2 4 . 3 

m^2ohh^ mymm.^ 3 0 1:^ tt s f c x 3? .y 1 
oa3!^^^07J<^^-#^/^Mra^xi;. ^54t-i.j^ffl7j<^ 
m 0 co^T'it^ii^^Ta J; a tcii^s tLT 

mm 5. 35 iizx'ifmmM $ tifzm^n.. f c x ^ ^ 

^'1 0OiI^5Bgl^ft:fcV^T. FCX^'.y^lOtffiJ^ 
[0 0 3 3] FC7.9'y9lO\i%mz\fV^%mi^t 

0 iii^w^xim'&m-ffimmt'^KUzm^ ( s o°cs 

fc^l>J;dJ^fflvXxi.4 0-4 7A^IS^t^>tLTl^ 
[0 0 34] ^^a^-XTAtJi. FCX^>y^' 1 OtJ^ 

'JJi-9A2ifim.n^ilX\-^t. FCX^^y^' 1 OT'^ 

^LtzWii. <^m7^^itLxy'j3L~^ A2xm\-i,zm 

[0035] }^ffl7j<i^4 0 tfcttS F CX^ >y 1 0 

^TrnrnzM. Fcxf'v^i oco^* i&m) m 

m-tl fzlsb<Di^-iiy^A 4 *^l5(t AilT ^ .- 
[ 0 0 3 6 ] tfz. }^&7m^^4 Olcii, miAi&y> 
x-^ 4 2 y\°x§-ii:l>/i46WSW y\°xgSS4 5 
i: . }^a*^±fEM?S:J^Si^ 2 5. 3 5 l^zmM^^^fz 

^m'^}^mm^A e tt^^mLxts O . ^TM#^^';^' 
7'4 7 i i^SlyKmimm ^mt^til. 
[0 0 3 7] .icDXd^j:<^mmzx^ . ^t-^'^^yr 
Anzxyjmmmm. y'jj^-^A2t5X-(/yryA3 
iz^i m.mm. ^I^&w^';^7■4 nzx li^mynmm 

^tti^X'^l. 

[ 0 0 3 8 ] 02 ii. ^mmmmc'Mmmmyy^Ti^^) 

IMSrS^LTV^I,. m2^z^.-tXdiz. mWMi^x 

"rMzit^mmmmdmmm ( ecu ) 5 ot^mif^ 

tiX^^l. M»gE5 0t{i:. t^l lj&^^><7)^^:f3fi 

^hflfS^ry-^- 1 2*^A,05'hM?£ft-^. ■ ^^-b 
y-tf2 4. 3 4?:j^^,t?)?^S ■ ^aSfi-^, ?SlS-fey-9"4 4 
*^A,OSEfi^*^'A^Sill>o ttz., |i|«i55 0!i, 2 

1 3 . s$i;^°y7°2 1 . ym^'yrs 1 , ^ t- 

^;^>7°4 1 . V ^^^V^7■■2 5 . 2 6, 3 5, 3 

6, Mmm^^jiy-A em^zmmm^rin^tij^ oiz 
mf^^tix\^i. 

[ 0 0 3 9 ] lilT, ±fEffiJiScOeMite^Xxi.<7)-f1^tt 

m^mmw±mi^z&fi7k-^mmmm<r)m}i^^ty 



[0040] mmmmi^x'rJ^com'^Mmzmi^mm 
t,z-?^^xmM^. it-^^<^M:hmmz&tx. 

F C X9 y ^ 1 O^CO^m imm) tii x/7mcoim:b^ 
ffhti6 „ F cx^ ^' 1 0 XUMM^t^mzi 0^ 

«3&^'^i 0 . m.ifzVJiiim 1 1 ^zm^^tih . 

[0041 ] tfz. FCX^-y^ 1 0T-{i^«(3f#d^ 

mm^h. FCX^'y^ 1 0T1i:, ftftB^t^gffi^ 
^#S/::ftt;FCX^ v^' 1 0*(*'J©S ( 8 O'cm 

m) izmm-t^'mti^h^fzi^. {%mA<&^Ao^iiti 

6i^&7m j;i9FCX:5?>y^l0 coi^mmhtil , 

[0042] mmmmi^x^i^xu. wti^^jEoa 

tT'cPg L T F C X ^ V 1 0 O^SmM^ f^fl^^Jt^f* 

^.^rvf^.K2 0 ^iIfLl>3SMfc j;V>KSgS#3 o 
£ ail ^./tc** tail L/::±T\ Fcx^.y^' i otffil^ 
LT^^I>« MMi:«2 4, 3 4t;|?li§^lT 

S:jEf^^O^'xa. FCX^'y^' 1 OT- 

[0043] ^COXoliZ^ mnmmmtiZii^ FCX^>y 

^ 1 o\^miiMmm^ximLx\.^if:i)^. fcx^^^ 

9 1 0 <mW»idk. FC7.9v9\Q n%\,z\tmif 

^-th^LUZiXh^ 

[0044] mz. WWmMm^zmh FCX^^-; 

9 1 (^(ryi^^wmm\>z-^\-^xmmfh. s-r , mm. 

W^MUZ F C X 9 ■•/ 7 1 0 \i-\0)A<'7f > ( 

£) /&>.J>-55*^^j>i^*1^i|7E-t^> ( X-r'v7 S 1 0 ) „ 7K^> 

^£ }£(r>^\'¥X'\i:-m<nii^tLti-^£ y^tzib. /K^v >^-{± 

[0045] t>t. FCX^-y^ 1 Oc?)jIKi?i:B#(C. 

SlS^f^^J; F C -y ^' 1 0^il:B$rHlOi^^.B#rHl^A 

1]-t^;>.4; o(ifMLTi,J;t^. FCX^-y^l 

Fcx^>y^io c^fm^-t^s> tfzit). mmz FCX 
^ -y ^ 1 0 m^j^artm^-f. < imm^ 
^^tLhfzi!bTh^. m-yx. 1 0B§r^sjK(-ss) 

[0046] 7\<j^J-^~iy'^:ndSmm^tmm^tlfz 
*imci±. SM;^>T2 lt5j;W>K3|;KyT3 1S:#«J 
^iti> {XT'yrs 1 1 ) „ ^<r)t^., Fcx^'vi^i 
oim±Lx\^^fzi^. 2'Ammi 3^^^.t^€*fitmt; 
X^:f'yr2i. smm^^l. Mzx^^mu 
m^2 of)^^jMu^ti^j:vmfmm^Fcxj^'y9i o 
(^mmmm^zim$ti. 7mm^3 oij^^nmstm^ 
mmsM^j^ Fcx^^y^io <7)7i<mmmi.z{m$tii 
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(XX'yTS 1 2 ) „ 

[0047] s$ig£#2 0 axwmm^s ox^fc 

0 F*]OSW*^^Sr^ATlSi^Mh^ 0 . FCX^ -y ^ 

1 oiDSmt-l-o .rcoiat. Fcx^'vi?! ortt; 

^iflS^^sSLM^tS^fcT'. FCX^'-y^lOrttS 

^t-|>7j<i>^ F C .y ^ 1 0 F^?&^^#fai-rS ; i: 
FCX^-y^'lOiD^Jiiai L/i^^flSMtt. 

^^iii^2 5.3 5 \zx<'^mfLX'm.hMz^m.%i^. 

13), 

[0 04 8] i^tc. f^S-^SS^ry-tf24. 34t;J:0 

Fcx^v^ 1 0 J; o^)^^^^i■rssm^o^gs^t^^^iL, f 
cx^ 'y 1 0 nomm<.%ifiW.irz% fzt-^t-iv\1^ 

(^T'yTS 14) « ^^7)1*^, FCX.^-/:? 1 0 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fuel cell systenn which can eliminate 
moisture inside the fuel cell after its operation is stopped in a fuel cell system 

used under a low temperature condition. 

SOLUTION: After a normal operation of a fuel cell 10 is stopped, dry gas is 
supplied to at least either air paths 20, 60 or a hydrogen path 30, and the dry 



gas, made to contain nnoisture inside the fuel cell 10 to be wet gas, is exiiausted 
fronn tlie fuel cell 10. The air path 60 is provided with a circulating path 64 
connecting the downstreann side and the upstream side of the fuel cell 10, and 
remaining heat of the fuel cell 10 is collected by circulating the wet gas from the 
fuel cell 10 through the circulating path 64 to the air path 60. A gas compressor 
61 is arranged upstream the fuel cell 10 in the air path 60 and also at 
downstream its connecting part with the circulating path 64. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is a fuel cell system equipped with the fuel cell (10) which is made to 
carry out electrochemical reaction of the hydrogen supplied from a hydrogen path 
(30), and the oxygen supplied from an air path (20 60), and obtains power. While 
supplying a dry gas after the usual shutdown of said fuel cell (10) to either [ at 
least ] said air path (20 60) or said hydrogen path (30) The fuel cell system 
characterized by making said dry gas contain the moisture in said fuel cell (10), 
and making it discharge from said fuel cell (10) as humid gas. 
[Claim 2] Said dry gas is a fuel cell system according to claim 1 characterized by 
being dry air. 

[Claim 3] The fuel cell system according to claim 1 or 2 characterized by 
equipping the downstream of said fuel cell (10) in either [ at least ] said air path 
(20) or said hydrogen path (30) with the moisture separation storage means (25 
35) which carries out separation storage of the moisture from said humid gas. 
[Claim 4] The circulation path (64) which connects the downstream of said fuel 
cell (10) and the upstream of said fuel cell (10) to said air duct (60) is established. 
Said dry gas is supplied to said air path (60) at least after the usual shutdown of 
said fuel cell (10). The fuel cell system according to claim 1 or 2 characterized by 
consisting of making said air path (60) circulate through said humid gas 
discharged from said fuel cell (10) through said circulation path (64) so that the 
remaining heat of said fuel cell (10) may be collected. 
[Claim 5] Said air path (60) Fuel cell system according to claim 4 which is the 
upstream of said fuel cell (10) which can be set, and is characterized by 



arranging the gas-conn pression nnachine (61) at the downstream of a connection 
with said circulation path (64). 

[Clainn 6] The fuel cell systenn according to claim 4 or 5 characterized by forming 
the moisture separation storage means which carries out separation storage of 
the moisture from said humid gas in either [ at least ] said air path (60) or said 
circulation path (64). 

[Claim 7] The moisture which said moisture separation storage means was 
established between said gas-compression machine (61) in said air path (60) 
and said fuel cell (10), and was stored in said moisture separation storage means 
is a fuel cell system according to claim 6 characterized by to be used for one [ at 
least ] humidification of said air supplied to said fuel cell (10) at the time of usual 
operation of said fuel cell (10), or said hydrogen. 

[Claim 8] Said moisture separation storage means is a fuel cell system according 
to claim 6 or 7 characterized by being a moisture storage tank (68). 
[Claim 9] Said moisture separation storage means is a fuel cell system according 
to claim 6 or 7 characterized by being water adsorbent (70) or water absorption 
material (71). 

[Claim 10] Claim 6 characterized by being constituted by said moisture 
separation storage means so that a heat carrier may circulate, and said humid 
gas being cooled by the heat exchange between said humid gas and said heat 
carriers thru/or the fuel cell system of any one publication of nine. 
[Claim 11] In the both ends of said air path (20 60) and said hydrogen path (30) 
The closing motion valve (22, 23, 32, 33, 62, 63) which intercepts said air path 
(20 60) and said hydrogen path (30) is prepared. Are, after the moisture 
clearance inside said fuel cell (10) after the usual shutdown of said fuel cell (10) 
is completed, and it sets during the shutdown of said fuel cell (10). Claim 1 
characterized by intercepting the both ends of said air path (20 60) and said 
hydrogen path (30) by said closing motion valve (22, 23, 32, 33, 62, 63) thru/or 
the fuel cell system of any one publication of ten. 

[Claim 12] Claim 1 characterized by having the heater for heating (69) which 



heats said dry gas supplied to said fuel cell (10) thru/or the fuel cell system of 
any one publication of 11 . 

[Clainn 13] They are clainn 1 which is carried in an electric vehicle and 
characterized by said fuel cell (10) being what supplies power to the drive nnotor 
of said electric vehicle thru/or the fuel cell systenn of any one publication of 12. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention applies [ to mobiles, such as a car, a 
marine vessel, and a portable electric organ, ] about the fuel cell system which 
consists of a fuel cell which carries out electrical energy generating by the 
chemical reaction of hydrogen and oxygen and is effective. 
[0002] 

[Description of the Prior Art] The fuel cell system conventionally equipped with 
the fuel cell which generates electricity using the electrochemical reaction of 
hydrogen and oxygen (air) is known. For example, in the polyelectrolyte mold fuel 
cell considered as driving sources for cars etc., there is a problem that the 



moisture which exists near the electrode freezes in the state of low tennperature 0 
degree C or less, and check diffusion of reactant gas or the conductivity of an 
electrolyte nnennbrane falls. 

[0003] In case a fuel cell is started under such a low-temperature environment, 
by inhibition of progress and attainment of the reactant gas (hydrogen and air) to 
the blinding or the electrolyte membrane of a reactant gas path by freezing, even 
if it supplies fuel gas, electrochemical reaction does not advance, but there is a 

problem that a fuel cell cannot be started. Furthermore, lock out of the gas path 
by freezing of the moisture which dewed within the reactant gas path is also 
produced. 

[0004] In using a fuel cell as an object for cars, the startability under all 
environments becomes important. For this reason, in the former, the system 
which carries out heating temperature up (warming-up) of the fuel cell, and starts 
a fuel cell is proposed by heating a fluid with a combustion heater etc. and 
supplying that heated fluid (warm water) to a fuel cell. 
[0005] 

[Problem(s) to be Solved by the Invention] However, it is difficult for such a 
starting approach to take time amount great to temperature up, since the heat 
capacity of a fuel cell is large, and to start a fuel cell for a short time. Moreover, 
since a heater etc. is needed as a source for warming-up of heating, in using a 
fuel cell system as an object for cars which has constraint in a loading tooth 
space, it becomes a problem also in respect of the physique. 
[0006] Therefore, in order to prevent freezing inside a fuel cell and to raise low- 
temperature starting nature, to remove beforehand the moisture frozen under a 
low-temperature environment from the interior of a fuel cell is desired. 
[0007] This invention aims at offering the fuel cell system the moisture after 
shutdown and inside a fuel cell can be [ a system ] removable in view of the 
above-mentioned trouble in the fuel cell system used under a low-temperature 
environment. 
[0008] 



[Means for Solving the Problenn] In order to attain the above-nnentioned object, in 
invention according to clainn 1 It is a fuel cell systenn equipped with the fuel cell 
(10) which is nnade to carry out electrochennical reaction of the hydrogen supplied 
from a hydrogen path (30), and the oxygen supplied from an air path (20 60), and 
obtains power. After the usual shutdown of a fuel cell (10), while a dry gas is 
supplied to either [ at least ] an air path (20 60) or a hydrogen path (30), a dry 
gas contains the moisture in a fuel cell (10), and turns into humid gas, and it is 
characterized by being discharged from a fuel cell (10). 
[0009] Thereby, desiccation clearance of the moisture after the shutdown of a 
fuel cell (10) and in a fuel cell (10) can be carried out, and internal freezing of a 
fuel cell (10) can be avoided under a low-temperature environment. Therefore, 
blinding is not started within a gas path (20 30) and a fuel cell (10), it can start 
promptly under a low-temperature environment, and the fuel cell system which 
was excellent in low-temperature starting nature can be offered. 
[0010] In addition, in order for a dry gas to remove the moisture which remains in 
a fuel cell (10), it needs to be desirable that it is low humidity as much as 
possible, and it needs to be low humidity from the humidity in a fuel cell (10) at 
least. Specifically, dry air can be used as a dry gas like invention according to 
claim 2. 

[001 1] Moreover, in invention according to claim 3, it is characterized by 
equipping the downstream of the fuel cell (10) in either [ at least ] an air path (20) 
or a hydrogen path (30) with the moisture separation storage means (25 35) 
which carries out separation storage of the moisture from humid gas. 
[0012] In invention according to claim 4, moreover, to an air duct (60) The 
circulation path (64) which connects the downstream of a fuel cell (10) and the 
upstream of a fuel cell (10) is established. By making an air path (60) circulate 
through the humid gas which the dry gas was supplied to the air path (60) at 
least, and was discharged from the fuel cell (10) after the usual shutdown of a 
fuel cell (10) through a circulation path (64) It is characterized by being 
constituted so that the remaining heat of a fuel cell (10) may be collected. 



[0013] The fuel cell (10) is usually maintained by about 80-degree C constant 
temperature at the time of operation, and at the time of shutdown, since the heat 
capacity of the body of a fuel cell (10) is large, while after shutdown is for a while, 
it remains as remaining heat. Therefore, by circulating the gas discharged from 
the fuel cell (10) in this way, remaining heat can be collected from a fuel cell (10), 
and the 80-degree C warm air for a purge of a fuel cell (10) and isothermal can 
be obtained. 

[0014] Moreover, in invention according to claim 5, it air path (60) Is the upstream 
of the fuel cell (10) which can be set, and is characterized by arranging the gas- 
compression machine (61) at the downstream of a connection with a circulation 
path (64). 

[0015] Thereby, temperature up of the dry gas can be carried out with heating by 
the adiabatic compression of a gas-compression machine (61), and the warm air 
suitable for the moisture clearance in a fuel cell can be again supplied to a fuel 
cell (10). Moreover, in case the humid gas containing many recovery steams 
from a fuel cell (10) passes a gas-compression machine (61), moisture 
concentration becomes high relatively by an air volume being compressed. For 
this reason, the moisture separation out of humid gas becomes easy also at 
temperature higher than the usual dew-point temperature under atmospheric 
pressure. 

[0016] Moreover, in invention according to claim 6, it is characterized by forming 
the moisture separation storage means which carries out separation storage of 
the moisture from humid gas in either [ at least ] the air path (60) or the 
circulation path (64). 

[0017] Moreover, in invention according to claim 7, the moisture which the 
moisture separation storage means was established between the gas- 
compression machines (61) and fuel cells (10) in an air path (60), and was stored 
in the moisture separation storage means is characterized by being used for one 
[ at least ] humidification of the air supplied to a fuel cell (10) at the time of usual 
operation of a fuel cell (10), or hydrogen. 



[0018] Thereby, it can use in order to change into the condition that nnoisture was 
included [ the nnoisture separated from nnoist air ] for the electrolyte nnennbrane in 
a fuel cell (10) for electrochennical reaction. Therefore, the need of fornning 
humidification equipment separately is lost and the miniaturization of a system 
can be attained. 

[0019] Moreover, a moisture separation storage means can be used as a 
moisture storage tank (68) like at invention according to claim 8, and can be 
made into water adsorbent (70) or water absorption material (71) like invention 
according to claim 9. 

[0020] Moreover, in invention according to claim 10, it is constituted by the 
moisture separation storage means so that a heat carrier may circulate, and it is 
characterized by humid gas being cooled by the heat exchange between humid 
gas and a heat carrier. It enables this to separate moisture from humid gas 
efficiently. 

[0021] In invention according to claim 1 1 , moreover, in the both ends of an air 
path (20 60) and a hydrogen path (30) The closing motion valve (22, 23, 32, 33, 
62, 63) which intercepts an air path (20 60) and a hydrogen path (30) is prepared. 
Are, after the moisture clearance inside the fuel cell (10) after the usual shutdown 
of a fuel cell (10) is completed, and it sets during the shutdown of a fuel cell (10). 
It is characterized by intercepting the both ends of an air path (20 60) or a 
hydrogen path (30) by the closing motion valve (22, 23, 32, 33, 62, 63). 
[0022] Thereby, steam mixing from an external environment inside a fuel cell (10) 
can be prevented during the shutdown of a fuel cell (10) after the moisture 
clearance termination inside a fuel cell (10). 

[0023] Moreover, in invention according to claim 12, it is characterized by having 
the heater for heating (69) which heats the dry gas supplied to a fuel cell (10). 
Thereby, warm air can be supplied to a fuel cell (10), and the moisture clearance 
in a fuel cell (10) can be promoted. 

[0024] Moreover, in invention according to claim 13, it is carried in an electric 
vehicle and characterized by a fuel cell (10) being what supplies power to the 



drive motor of an electric veliicle. Even when tiiis uses tlie electric vehicle which 
nnakes a fuel cell (10) the source for actuation of power under a low-tennperature 
environnnent, freezing inside a fuel cell (10) can be prevented and a fuel cell (10) 
can be started promptly. 

[0025] In addition, the sign in the parenthesis of each above-mentioned means 
shows response relation with the concrete means of a publication to the 
operation gestalt mentioned later. 
[0026] 

[Embodiment of the Invention] (The 1st operation gestalt) The 1st operation 
gestalt of this invention is hereafter explained based on drawing 1 - drawing 3 . A 
**** 1 operation gestalt applies a fuel cell system to the electric vehicle (fuel cell 
car) which runs a fuel cell as a power source. Drawing 1 shows the whole fuel 
cell system configuration of the 1st operation gestalt. 
[0027] As shown in drawing 1 , the fuel cell system of this operation gestalt is 
equipped with the fuel cell (FC stack) 10 which generates power using the 
electrochemical reaction of hydrogen and oxygen. This FC stack 10 supplies 
power to electrical machinery and apparatus, such as the electric motor 1 1 for 
car transit (load), and a rechargeable battery (not shown in drawing 1 ). The 
solid-state polyelectrolyte mold fuel cell is used as a FC stack 10, two or more 
laminatings of the eel used as a base unit are carried out, and it consists of these 
operation gestalten. Each eel has the composition that the electrolyte membrane 
was inserted with the electrode of a couple. In the FC stack 10, the 
electrochemical reaction of the following hydrogen and oxygen occurs and 
electrical energy occurs. 

(Negative-electrode side) The air path 20 for supplying air (oxygen) to the oxygen 
pole (positive electrode) side of the FC stack 10 and the hydrogen path 30 for 
supplying hydrogen to the hydrogen pole (negative electrode) side of the FC 
stack 10 are formed in the H2 ->2H++2e-(positive-electrode 
side)2H++1/202+2e~>H20 fuel cell system. The air pump 21 for air supply is 
formed in the air path 20, and air is introduced at the time of usual operation of 



the FC stack 10. The hydrogen pump 31 for hydrogen supply is fornned in the 
hydrogen path 30, and hydrogen is usually supplied fronn the hydrogen feeder 
which is not illustrated at the tinne of operation. It is necessary to change into the 
condition that nnoisture was included for the electrolyte mennbrane in the FC 
stack 10 for the electrochennical reaction at the tinne of a generation of electrical 
energy. For this reason, the air and hydrogen which were hunnidified are usually 
supplied to the FC stack 10 at the tinne of operation. By this, the FC stack 10 
interior will operate by the damp or wet condition. Moreover, in an oxygen pole 
side, moisture generates according to the above-mentioned electrochemical 
reaction. 

[0028] Moreover, at the time of the moisture clearance control after shutdown, a 
dry gas is usually supplied to the air path 20 and the hydrogen path 30. In order 
for this dry gas to remove the moisture which remains in the FC stack 10, it 
needs to be desirable that it is low humidity as much as possible, and it needs to 
be low humidity from the humidity in the FC stack 10 at least. 
[0029] The dry gas supplied to the air path 20 and the hydrogen path 30 should 
just be except the combination of air and hydrogen. That is, if air and hydrogen 
are supplied to the FC stack 10, while generating electricity, in order that 
moisture may generate, it is not desirable from a viewpoint of moisture clearance. 
With a **** 1 operation gestalt, the air which is not humidified by the both sides of 
the air path 20 and the hydrogen path 30 as a dry gas is supplied. 
[0030] In addition, you may constitute so that desiccation hydrogen may be 
supplied to the both sides of the air path 20 and the hydrogen path 30 as a dry 
gas. Moreover, inert gas like nitrogen may be supplied to either or the both sides 
of the air path 20 and the hydrogen path 30. 

[0031] The shut bulbs (closing motion valve) 22 and 23 for intercepting the air 
path 20 interior from the open air are formed in the both ends of the air path 20. 
The same shut bulbs 32 and 33 are formed also in the both ends of the hydrogen 
path 30. 

[0032] The humidity and the temperature sensors 24 and 34 which detect the 



humidity and temperature of gas which passed the FC stacl< 10 are formed in the 
downstream of the FC stacl< 10 in the air path 20 and the hydrogen path 30, 
respectively. The vapor-liquid-separation machines 25 and 35 are formed in the 
downstream of the humidity and the temperature sensors 24 and 34 in the air 
path 20 and the hydrogen path 30, respectively. It consists of these vapor-liquid- 
separation machines 25 and 35 so that heat exchange may be performed 
between the humid gas containing the moisture after the FC stack 10 passage in 
the air path 20 or the hydrogen path 30, and the cooling water of the cooling 
water path 40 mentioned later. It consists of vapor-liquid-separation machines 25 
and 35 so that the moisture in the gas condensed by cooling may be stored. The 
moisture by which separation storage was carried out is used for humidification 
of the air and hydrogen which are supplied to the FC stack 10 at the time of usual 
operation of the FC stack 10 with the vapor-liquid-separation vessels 25 and 35. 
[0033] The FC stack 10 produces generation of heat with a generation of 
electrical energy. For this reason, cooling systems 40-47 are formed in the fuel 
cell system so that the FC stack 10 may be cooled and operating temperature 
may serve as optimal temperature (about 80 degrees C) at electrochemical 
reaction. 

[0034] The cooling water path 40 which makes the FC stack 10 circulate through 

cooling water (heat carrier). Water pump 41 made to circulate through cooling 
water, and the radiator 42 equipped with the fan 43 are formed in the cooling 
system. The heat generated in the FC stack 10 is discharged out of a system 
with a radiator 42 through cooling water. 

[0035] The temperature sensor 44 for detecting the calorific value (temperature) 
of the FC stack 10 is formed in the downstream of the FC stack 10 in the cooling 
water path 40. 

[0036] Moreover, the bypass path 45 for making a radiator 42 bypass cooling 
water and the gas-cooling-method path 46 for making the above-mentioned 
vapor-liquid-separation machines 25 and 35 circulate through cooling water have 
branched for the cooling water path 40, and the passage of cooling water is 



changed to it by the passage change bulb 47. 

[0037] Flow rate allocation with the air-flow rate control according to control of 
flow, a radiator 42, and a fan 43 by Water punnp 41 in such a cooling systenn, the 
cooling water path by the passage change bulb 47, and a bypass path can 
perform cooling temperature control. 

[0038] Drawing 2 shows the control system of the fuel cell system of this 
operation gestalt. As shown in drawing 2 , the control section (ECU) 50 which 
performs various control is formed in the fuel cell system. The demand power 
signal from a load 11, the outside-air-temperature signal from the outside-air- 
temperature sensor 12, the humidity and the temperature signal from humidity 
and temperature sensors 24 and 34, and the temperature signal from a 
temperature sensor 44 are inputted into a control section 50. Moreover, the 
control section 50 is constituted so that a control signal may be outputted to a 
rechargeable battery 13, an air pump 21, a hydrogen pump 31, Water pump 41, 
the shut bulbs 25, 26, 35, and 36, and passage change bulb 46 grade. 
[0039] Hereafter, actuation of the fuel cell system of the above-mentioned 
configuration is explained based on drawing 3 . Drawing 3 is a flow chart which 
shows the actuation at the time of the moisture clearance control after the usual 
shutdown of a fuel cell system. 

[0040] The actuation in usual operation of a fuel cell system is explained. 
According to the power demand from a load 1 1 , supply of the air (oxygen) to the 
FC stack 10 and hydrogen is performed. In the FC stack 10, a generation of 
electrical energy takes place according to electrochemical reaction, and the 
generated power is supplied to a load 11. 

[0041] Moreover, in the FC stack 10, generation of heat accompanying a 
generation of electrical energy takes place. In the FC stack 10, since it is 
necessary to maintain FC stack 10 body to constant temperature (about 80 
degrees C) in order to obtain a stable output at the time of actuation, cooling of 
the FC stack 10 is performed by the cooling water which flows the cooling water 
path 40. 



[0042] In the fuel cell system, in order to nnaintain the electrolyte nnennbrane of 
the FC stack 10 at a dannp or wet condition on the occasion of progress of 
electrochennical reaction, after humidifying the hydrogen which flows the air 
which flows the air path 20, and the hydrogen path 30, the FC stack 10 is 
supplied. Humidification uses the water stored in the vapor-liquid-separation 
machines 24 and 34. The gas after a reaction turns into humid gas which 
absorbed the generation water by the electrochemical reaction in the FC stack 10, 
and is emitted outside. 

[0043] Thus, since the FC stack 10 interior is operating by the damp or wet 
condition at the time of operation, in the FC stack 10 interior, moisture will usually 
remain after the shutdown of the FC stack 10. 

[0044] Next, moisture clearance control of the FC stack 10 after shutdown is 
usually explained. First, the moisture purge in the FC stack 10 (moisture 
clearance) usually judges after shutdown whether it is the need (step S10). The 
judgment of whether to perform a moisture purge is performed in consideration of 
environmental temperature (outside air temperature), seasonal information, etc. 
at the time of shutdown. That is, based on the said conditions with which 
environmental temperature is 0 degree C or less, or are winter etc., and lowering 
of atmospheric temperature is predicted to be, the judgment about the need for a 
moisture purge is performed. Since there is no fear of freezing with a natural 
thing on conditions, such as summer, a moisture purge is not needed. 
[0045] Moreover, you may constitute so that the anticipation time amount of FC 
stack 10 stop time by the operator may be inputted at the time of the shutdown of 
the FC stack 10. This is because the FC stack 10 does not become [ the 
preheating of the FC stack 10 ] below a freezing point enough in an instant for a 
certain reason but an elevated temperature is maintained for the time being, 
even if environmental temperature is below a freezing point at the time of a halt 
of the FC stack 10. Therefore, if it is in the stop time of about (one whole day and 
night) 10 hours, it is not necessary to perform the residual water purge at the 
time of shutdown. 



[0046] When judged with it being necessary to perfornn a nnoisture purge, an air 
punnp 21 and a hydrogen punnp 31 are operated (step S11). Since the FC stacl< 
10 has stopped at this tinne, punnps 21 and 31 are operated by the electric power 
supply from a rechargeable battery 13. Thereby, the dry air which is not 
humidified from the air path 20 is supplied to the oxygen pole side of the FC 
stack 10, and the dry air which is not humidified from the hydrogen path 30 is 
supplied to the hydrogen pole side of the FC stack 10 (step S12). 
[0047] The dry air supplied to the FC stack 10 from the air path 20 and the 
hydrogen path 30 turns into moist air including the residual moisture in the FC 
stack 10, and flows out from the FC stack 10. Thus, the moisture which remains 
in the FC stack 10 can be discharged out of the FC stack 10 by continuing 
passing dry air in the FC stack 10. It is cooled with the vapor-liquid-separation 
vessels 25 and 35, the moist air which flowed out from the FC stack 10 is divided 
into air and water, and water is stored in the vapor-liquid-separation machine 25 
and 35 (step SI 3). 

[0048] Next, the humidity of the air which flows out from the FC stack 10 with 
humidity and temperature sensors 24 and 34 is detected, and it judges whether 
the residual moisture in the FC stack 10 was removable (step 814). 
Consequently, when residual moisture exists in the FC stack 10, moisture 
clearance control of the above-mentioned steps 81 1-813 is repeated, and is 
performed. 

[0049] On the other hand, when residual moisture does not exist in the FC stack 
10, pumps 21 and 31 are suspended and the desiccation air supply to the FC 
stack 10 is stopped (step 815). Then, the shut bulbs 22, 23, 32, and 33 prepared 
in each both ends in the air path 20 and the hydrogen path 30 are closed (step 
816). Thereby, the interior of the air path 20 and the hydrogen path 30 is 
intercepted from the open air. Therefore, even if it leaves a car under a low- 
temperature environment for a long time, steam mixing from an external 
environment can be prevented, and the inside of the FC stack 10 can maintain 
dryness. In addition, if the inside of the FC stack 10 can be maintained at positive 



pressure a little in the case of cutoff by the shut bulbs 22, 23, 32, and 33, 
airtightness in the FC stack 10 can be made higher. 
[0050] As nnentioned above, according to the **** 1 operation gestalt, since 
desiccation clearance of the nnoisture after the shutdown of the FC stack 10 and 
in the FC stack 10 can be carried out, internal freezing is avoidable under a low- 
temperature environment. Therefore, since blinding within the gas paths 20 and 
30 and the FC stack 10 is not started, the fuel cell system which was excellent in 
low-temperature starting nature can be offered. 

[0051] (The 2nd operation gestalt) Next, the 2nd operation gestalt of this 
invention is explained based on drawing 4 and drawing 5 . The points constituted 
so that the fuel cell system of a **** 2 operation gestalt can make FC stack 
circulate through air in the moisture clearance control after shutdown as 
compared with the above-mentioned 1st operation gestalt differ. Moreover, in 
moisture clearance control of a **** 2 operation gestalt, moisture clearance by 
the side of the hydrogen pole of FC stack is omitted. In addition, the sign same 
about the same part as the above-mentioned 1st operation gestalt is attached, 
and explanation is omitted. 

[0052] As shown in drawing 4 , the gas-compression machine (compressor) 61 
which is a compression equation blower is formed in the air path 60 which the air 
supplied to the FC stack 10 passes. Moreover, the circulation path 64 which 
connects the downstream and the upstream of the FC stack 10 is formed in the 
air path 60. The compressor 61 is arranged at the downstream of the connection 
of the air path 60 and the circulation path 64 in the upstream of the FC stack 10. 
The passage change bulb 65 is formed in the joint of the air path 60 and the 
circulation path 64 in the downstream of the FC stack 10. 
[0053] The humidity and the temperature sensors 66 and 67 which detect the 
humidity and temperature of gas which pass the air path 60 to the upstream and 
the downstream of the FC stack 10 are formed in the air path 60. Although it is 
desirable that it is an elevated temperature as much as possible in order that it is 
necessary to make the dry gas for a moisture purge (purge warm air) higher at 



worst than the temperature of FC stack 10 body and it nnay evaporate nnoisture 
further, the predeternnined upper limit temperature Tmax of a dry gas (for 
example, about 150 degrees C) is set up from the relation of the heat-resistant 
temperature (about 100 degrees C) of the FC stack 10. 
[0054] Moreover, between the compressor 61 in the air path 60, and the FC 
stack 10, air and the water recovery tank 68 which collects the separated water 
are formed in the air path 60. The water collected by the water recovery tank 68 
is used for humidification of the air and hydrogen which are supplied to the FC 
stack 10 at the time of usual operation of the FC stack 10. 
[0055] Moreover, as an object for the anti-freeze under low temperature, on the 
water recovery tank 68, you may constitute so that an incubation function 
(thermal protection structure) may be given, or heating means, such as an 
electric-type heater, can be formed in it, and on it, it can also constitute so that 
freezing by low temperature may be prevented. Moreover, the antifreezing agent 
of alcoholic systems, such as a methanol, may be mixed to recycled water, and 
the antifreezing solution may be generated. 

[0056] Hereafter, the moisture clearance control after the usual shutdown in the 
fuel cell system of a **** 2 operation gestalt is explained based on the flow chart 
of drawing 5 . 

[0057] First, the moisture purge after the usual shutdown of the FC stack 10 and 
in the FC stack 10 (moisture clearance) judges whether it is the need (step S20). 
Consequently, when judged with a moisture purge being required, in advance of 
the moisture clearance control by the side of the oxygen pole of the FC stack 10 
in a **** 2 operation gestalt, moisture clearance by the side of the hydrogen pole 
of the FC stack 10 is performed (step S21). For example, moisture clearance by 
the side of a hydrogen pole can be performed by supplying the dry air which 
supplies the desiccation hydrogen which is not dehumidified to the hydrogen pole, 
and is not dehumidified to the oxygen pole, and performing temporary FC stack 
operation. That is, in order that the moisture which remains to a hydrogen pole 
side may carry out company migration of the inside of an electrolyte membrane 



with a hydrogen ion in connection with electrochennical reaction at an oxygen 
pole side, the nnoisture which remained to the hydrogen pole side is lost, and a 
hydrogen pole side goes to desiccation. 

[0058] Next, moisture clearance control by the side of the oxygen pole of a **** 2 
operation gestalt is performed. First, a compressor 61 is operated (step S22). 
Since the FC stack 10 has stopped at this time, a compressor 61 is operated by 
the electric power supply from a rechargeable battery 13. Thereby, the dry air 
which is not humidified from the air path 60 is supplied to the oxygen pole side of 
the FC stack 10. This dry air turns into moist air including the residual moisture in 
an oxygen pole, and flows out from the FC stack 10. Thereby, the moisture which 
remains in the FC stack 10 can be discharged out of the FC stack 10. 
[0059] Next, the air temperature T which flows into the FC stack 10 with the 
humidity and the temperature sensor 66 of the downstream of the FC stack 10 is 
detected, and it judges whether air temperature T is lower than the 
predetermined upper limit temperature Tmax (step S23). Consequently, when air 
temperature T is over the predetermined upper limit temperature Tmax, it 
changes to a passage change bulb 65 blowdown-side, and the air used as an 
elevated temperature is discharged outside (step S24). 

[0060] On the other hand, when air temperature T is not over the predetermined 

upper limit temperature Tmax, the passage change bulb 65 is changed to the 
circulation path 64 side (step S25). Thereby, the air which passed the FC stack 
10 is re-supplied to return and a compressor 61 through the circulation path 64 at 
the FC stack 10 upstream of the air path 60. 

[0061] Here, the FC stack 10 is usually maintained by about 80-degree C 
constant temperature at the time of operation, and at the time of shutdown, since 
the heat capacity of FC stack 10 body is large, while after shutdown is for a while, 
it remains as remaining heat. Therefore, by circulating the gas for a purge which 
passed the FC stack 10, remaining heat can be collected from the FC stack 10, 
and the 80-degree C warm air for a purge of the FC stack 10 and isothermal is 
obtained. 



[0062] Furthermore, by returning again the warnn air for a purge discharged fronn 
the FC stacl< 10 to a connpressor 61 , a tennperature rise can be further carried out 
with heating by the adiabatic connpression of a compressor 61 , and the warm air 
suitable for a moisture purge can be again supplied to the FC stack 10. 
[0063] In addition, in order to control the temperature of the air fed from a 
compressor 61, it is necessary to operate a compressor 61 in the condition that it 
is not necessarily a best efficiency point as operation of a fuel cell system. For 
this reason, a compressor 61 can be intentionally operated by the working point 
shifted more to the high-tension side, and a high feeding air temperature can be 
obtained by this. 

[0064] Moreover, in case the moist air containing many recovery steams from the 
FC stack 10 passes a compressor 61, moisture concentration becomes high 
relatively by an air volume being compressed. For this reason, the moisture 
separation out of air becomes easy also at temperature higher than the usual 
dew-point temperature under atmospheric pressure. Therefore, the moist air 
discharged from the FC stack 10 can be made into desiccation elevated- 
temperature air by passing a compressor 61. The moisture separated from air in 
the gas compression by the compressor 61 is recovered by the water recovery 
tank 68 (step S26). 

[0065] Next, the humidity of the air which flows out from the FC stack 10 with 
humidity and a temperature sensor 67 is detected, and it judges whether the 
residual moisture in the FC stack 10 was removable (step S27). Consequently, 
when residual moisture exists in the FC stack 10, moisture clearance control of 
the above-mentioned steps S22-S26 is repeated, and is performed. 
[0066] On the other hand, when residual moisture does not exist in the FC stack 
10, a compressor 61 is suspended and the desiccation air supply to the FC stack 
10 is stopped (step S28). Then, the shut bulbs 62 and 63 prepared in each both 
ends in the air path 20 and the hydrogen path 30 are closed (step S29). Thereby, 
the interior of the air path 60 can be intercepted from the open air, steam mixing 
from the open air can be prevented, and the inside of the FC stack 10 can 



maintain dryness. 

[0067] As nnentioned above, like a **** 2 operation gestalt, after tlie sliutdown of 
tlie FC stacl< 1 0, it can dry tlioroughly and the residual moisture by the side of the 
oxygen pole in the FC stack 10 can be removed by repeating warm air circulation. 
The fuel cell system which did not produce freezing within the FC stack 10 at the 
time of low temperature, and was excellent in low-temperature mobility by this 
can be offered. 

[0068] Moreover, by circulating the air discharged from the FC stack 10 by the 
circulation path 64 prepared in the air path 60, the remaining heat of the FC stack 
10 can be collected and it can use for heating of the warm air for a purge. 
[0069] Moreover, since considering the case where the exhaust gas of a 
combustion heater is used for the warm air for a purge exhaust gas temperature 
is too as high as hundreds of degrees C, the FC stack 10 cannot be supplied at 
temperature as it is. Therefore, cooling of exhaust gas is needed and utilization 
of energy is not efficient. Furthermore, also in the amount of exhaust gas, since 
securing a big flow rate since it is influenced by the conditions (the amount of 
combustion) of combustion leads to buildup of the amount of combustion, loading 
is difficult on the physique of a combustor. 

[0070] On the other hand, in the fuel cell system of a **** 2 operation gestalt, 
moisture separation from the moist air discharged from heating and the FC stack 
10 of the warm air for a purge by adiabatic compression can be performed only 
by forming the gas-compression machine 61 which feeds air for the air path 60. 
Therefore, the warm air for a purge of the suitable elevated temperature which 
does not destroy the FC stack 10, low humidity, and a large flow rate can be 
obtained. 

[0071] Moreover, at the time of low-temperature starting, by generation of heat 
accompanying a generation of electrical energy of the FC stack 10, the 
temperature of the FC stack 10 rises in self-heating, and reaches to 80 degrees 
C of the optimum temperature of actuation. In the condition that the temperature 
of the FC stack 10 in this process is low, since the generation efficiency of the FC 



stack 1 is bad, most changes to a generation-of-electrical-energy loss, i.e., waste 
lieat. For tliis reason, it is suitable for the self-heating of the FC stack 10. Under 
the present circunnstances, re-freezing of the generation water by the 
electrochemical reaction in the FC stack 10 interior resulting from FC stack 10 
temperature being 0 degree C or less is avoidable with this waste heat. 
[0072] (Other operation gestalten) In addition, it constitutes so that a dry gas may 
be supplied to the both sides of the air path 20 and the hydrogen path 30 and a 
moisture purge of the both sides by the side of the oxygen pole of the FC stack 
10 and a hydrogen pole may be performed, but moisture clearance control of the 
above-mentioned 1st operation gestalt may be carried out to either the air path 
20 or the hydrogen path 30, and another side may consist of above-mentioned 
1st operation gestalten so that other means may perform moisture clearance. 
[0073] Moreover, with the above-mentioned 2nd operation gestalt, although 
purge warm air was heated by the adiabatic compression of the gas-compression 
machine 61, as shown in drawing 6 , the electric-type heating heater (heating 
means) 69 may be formed in the upstream of the FC stack 10 in the air path 60 
as an object for auxiliary heating of purge warm air. 
[0074] Also when purge warm air temperature sufficient by just the adiabatic 
compression of the gas-compression machine 61 is not acquired by such 
configuration, temperature up of the purge warm air can be carried out effectively. 
Furthermore, FC stack 10 body can be heated by heating distributed gas at the 
heating heater 69 at the time of low-temperature starting of the FC stack 10. 
[0075] Moreover, also in the fuel cell structure of a system in the above- 
mentioned 1st operation gestalt, heating means, such as a heating heater, may 
be formed in the upstream of the FC stack 10 in the air path 20 or the hydrogen 
path 30, and you may constitute so that the dry gas supplied to the FC stack 10 
may be heated. By such configuration, evaporation of the moisture which 
remains in the FC stack 10 can be promoted. 

[0076] Moreover, in the fuel cell structure of a system in the above-mentioned 1st 
operation gestalt, you may constitute so that the dry gas cooled by the FC stack 



10 may be supplied. By supplying the cooled dry gas to the FC stack 10, the 
moisture in the FC stack 10 dews, it becomes waterdrop, and waterdrop is 
extruded by the outlet side of the FC stack 10 according to a gas stream. 
Consequently, the moisture in the FC stack 10 serves as waterdrop, and is 
discharged out of the FC stack 10. Under the present circumstances, a valve is 
prepared in FC stack 10 outlet side in the air path 20 or the hydrogen path 30, 
and you may make it adjust back pressure. The waterdrop in the FC stack 10 
becomes easy to jump out by opening a valve by such configuration. 
[0077] Moreover, although the moisture of the moist air discharged from the FC 
stack 10 by the water recovery tank 68 was collected with the above-mentioned 
2nd operation gestalt, you may constitute so that moisture storage material, such 
as not only this but water adsorbent and a water absorption agent, may be 
arranged for the air path 60 and moisture may be collected. 
[0078] As shown in drawing 7 , specifically, you may constitute so that the water 
adsorbent 70, such as silica gel, may be formed in the air path 60. Moisture is 
recoverable from the moist air discharged from the FC stack 10 with this. Thus, 
when water adsorbent 70 is used, while dry air is obtained by water adsorption, 
temperature up of the purge warm air can be carried out by generation of heat 
accompanying adsorption. 

[0079] Although the moisture storage material 70 may be formed in which part of 
the air path 60 or the circulation path 64, as shown in drawing 7 If it is between 
the gas-compression machines 61 and the FC stacks 10 in the air path 60 The 
moisture with which it was easy to collect the moisture from the air compressed 
by the gas-compression machine 61, and water adsorbent 70 was adsorbed can 
be used for humidification of the air and hydrogen which are supplied by the FC 
stack 10 at the time of usual operation of the FC stack 10. 
[0080] Furthermore, as shown in drawing 8 , water absorption material 71 like a 
wick may be formed in the piping wall of the part of either the air path 60 or the 
circulation path 64. Moisture is recoverable from the moist air discharged from 
the FC stack 10 with this. Although the water absorption material 71 may also be 



formed in which part of the air path 60 or the circulation path 64, if it is between 
the gas-conn pression nnachines 61 and the FC stacl<s 10 in the air path 60 The 
nnoisture with which it was easy to collect the moisture from the air compressed 
by the gas-compression machine 61, and water adsorbent 70 was adsorbed can 
be used for humidification of the air and hydrogen which are supplied by the FC 
stack 10 at the time of usual operation of the FC stack 10. 
[0081] Moreover, in the above-mentioned 2nd operation gestalt, the cooling 
effectiveness in the circulation path 64 can be raised by considering the 
circulation path 64 as metal piping. The temperature of the humid warm air 
discharged from the FC stack 10 can be reduced by this, the moisture contained 
in warm air can be made to be able to liquefy, and it can dissociate. Moreover, 
the fin for air cooling may be formed in the front face of metal piping. 
[0082] Moreover, also in the above-mentioned 2nd operation gestalt, the vapor- 
liquid-separation machine which equips the air path 60 with heat exchange 
structure like the above-mentioned 1st operation gestalt may be formed, and you 
may constitute so that heat exchange can be carried out between the humid gas 
containing the moisture after FC stack 10 passage, and the cooling water of the 
cooling water path 40. Thereby, humid gas can be cooled effectively and it 
becomes easy to separate the moisture in humid gas. 
[0083] Moreover, with each above-mentioned operation gestalt, although 
detecting the humidity of the gas discharged from the FC stack 10 performed 
closing of a moisture purge, it sets up beforehand the time amount which 
performs not only this but a moisture purge, and may judge termination of a 
moisture purge by the timer. The time amount which performs a moisture purge 
guesses the residual moisture content in FC stack using information, such as 
operation time of the FC stack 10, and an output of FC stack at the time of 
operation, based on conditions, such as temperature of purge warm air, a flow 
rate, and humidity, can calculate a duration required to complete the desiccation 
in the FC stack 10 thoroughly, and can calculate it. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram showing the whole fuel cell system 
configuration of the above-mentioned 1st operation gestalt. 
[Drawing 2] It is the explanatory view of the control system of the fuel cell system 
of drawing 1 . 

[Drawing 3] It is the flow chart which shows the actuation at the time of moisture 

clearance control of the fuel cell system of drawing 1 . 

[Drawing 4] It is the schematic diagram showing the whole fuel cell system 

configuration of the above-mentioned 2nd operation gestalt. 

[Drawing 5] It is the flow chart which shows the actuation at the time of moisture 

clearance control of the fuel cell system of drawing 4 . 

[Drawing 6] It is the schematic diagram showing the whole fuel cell system 

configuration of the above-mentioned 3rd operation gestalt. 

[Drawing 7] It is the schematic diagram showing the modification of a fuel cell 

system. 

[Drawing 8] It is the perspective view showing the air path or circulation path in a 
modification of a fuel cell system. 
[Description of Notations] 



10 [ ~ A shut bulb, 30 / ~ A hydrogen path, 61 / - A gas-compression machine, 
64 / -- Circulation path, ] - A fuel cell (FC stack), 11 - 20 A load, 60 -- An air path, 
22, 23, 32, 33, 62, 63 
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